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Abstract of JP 1 11 00294 (A) 

PROBLEM TO BE SOLVED: To Improve adhesion of the thin film to a substrate, or the like by forming a 
gradient structure of the thin film, such that the (sp<2> bonds)/(sp<3> bonds) ratio (sp<2> /sp<3> ratio) 
values of constituent carbon atoms of the thin film are gradually decreased in the direction from the 
substrate side to the surface side of the thin film. SOLUTION: Generally, the sp<2> bonds of carbon atoms 
exist in graphite and the sp<3> bonds of carbon atoms exist in a diamond and also, the sp<2> and sp<2> 
bonds of carbon atoms coexist in diamond-like carbon. In this thin film, the sp<2> /sp<3> ratio of the 
constituent carbon atoms is changed so as to be decreased in the thickness direction, to improve adhesion 
of the thin film to a substrate the like. The sp<2> /sp<3> ratio preferably includes values in the range of 0 to 
3.; That is, such a state that In the surface of the thin film, no sp<2> bond exists and only the sp<3> bonds 
exist, is Included and at this time, the surface of the thin film has high film hardness and large internal 
stress. Also, on the substrate side of the thin film, the sp<2> bonds are increased to reduce the Internal 
stress and to improve the adhesion to the substrate. This hard carbon thin film is preferably formed by a 
plasma CVD (chemical vapor deposition) method, while e.g. changing the kinetic energy of ion species in a 
plasma so as to change the sp<2> /sp<3> ratio with film formation time. 
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